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Abstract 
Peroxisomes are multifunctional organelles that can rapidly modulate their morphology, number, 
and function in response to changing environmental stimuli. Defects in any of these processes can 
lead to organelle dysfunction and have been associated with various inherited and age-related 
disorders. Progress in this field continues to be driven by advances in live-cell imaging 
techniques. This chapter provides detailed protocols for the use of HaloTag to fluorescently 
pulse-label peroxisomes in cultured mammalian cells. In contrast to the use of classical 
fluorescent proteins, this technology allows researchers to optically distinguish pools of 
peroxisomal proteins that are synthesized at different time points. The protocols can be easily 
adapted to image the dynamics of other macromolecular protein assemblies in mammalian cells. 
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1. Introduction 
Over the past few decades, fluorescence microscopy has often become the first method of choice 
to study intracellular protein trafficking and organelle dynamics. Most live-cell imaging 
approaches make use of fluorescent proteins (FPs), such as green or red fluorescent protein (GFP 
or RFP), that are fused to a protein of interest (POI) or a signal sequence that targets the protein to 
a specific subcellular location by recombinant DNA techniques (1). Although these fluorescent 
reporter proteins are excellent tools for monitoring protein localization and organelle dynamics, 
they do not allow researchers to optically distinguish pools of proteins and organelles that are 
synthesized at different time points. To overcome this problem, several alternative strategies have 
been developed. For example, one can employ (i) photoactivatable or photoswitchable FPs that 
are capable to change their spectral properties in response to irradiation with light of specific 
wavelengths (2), (ii) fluorescent timer proteins that change their emission spectrum over time (3), 
or (iii) chemistry- or enzyme-based in cellulo labeling methods (4). This chapter outlines detailed 
protocols for the use of a dehalogenase-based protein fusion tag, the HaloTag (HT), to study 
peroxisome dynamics in cultured mammalian cells (5, 6). 
The HT labeling system consists of two components: the HT reporter protein and HT ligands (7). 
The reporter protein is a genetically engineered bacterial monomeric haloalkane dehalogenase of 
33 kDa, designed to irreversibly bind to synthetic chloroalkane derivatives, and the ligands are 
composed of a reactive chloroalkane linker and a functional group (e.g. fluorescent dyes, affinity 
handles, etc.) (Fig. 1A). As (i) eukaryotic cells lack any endogenous equivalent of the HT protein, 
(ii) this reporter protein can be genetically fused to any POI, (iii) the resulting fusion proteins 
bind with high efficiency and specificity to plasma membrane-permeable HT ligands, and (iv) 
these ligands are not toxic for cells, the HT platform is an ideal technology for the imaging of 
spatial and temporal changes of specific intracellular structures (8, 9). 
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In the context of this chapter, it is important to point out that peroxisomes are dynamic cell 
organelles that play an important role in various cellular processes (for more details, see (10) and 
references therein), and that – as disturbances in peroxisome shape and number have been linked 
with various disease conditions (11-14) – the investigation of peroxisome morphology, 
distribution, and dynamics has become an exciting new field in cell biology and biomedical 
sciences (15). This chapter discusses strategies and protocols that can be used to fluorescently 
pulse-label peroxisomes in living mammalian cells. The protocols cover all steps from cell culture 
and transfection to labeling and cell imaging. Importantly, as CHO-K1 and COS-7 are often the 
preferred cell lines to study peroxisome dynamics (5, 16, 17), and – in the author’s laboratory – 
the Neon Transfection System (Promega) is regarded as one of the most reliable and efficient 
methods to transfect mammalian cells, these protocols are optimized for these particular settings. 
However, they can be easily adapted to study peroxisome dynamics in other mammalian cells or 
cell lines. 
2. Materials 
All solutions, materials, and equipment coming into contact with living cells must be sterile, and 
aseptic techniques should be employed at all times. 
2.1. HaloTag components 
1. Plasmids encoding peroxisome-targeted HT-fusion proteins can be obtained from 
Promega (see Note 1) or created by conventional cloning strategies (see Note 2). The 
non-commercial plasmids pHT-PTS1 (see Note 3), pHT-HsCatalase (see Note 4), and 
pHT-HsPEX16 (see Note 5) are freely available from the author upon request. 
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2. HaloTag ligands (Promega): 5 mM HaloTag tetramethylrhodamine (HT-TMR, λex/λem: 
555/585), 100 µM HaloTag R110Direct (HT-R110, λex/λem: 498/528), and 5 mM 
HaloTag biotin (HT-biotin) (see Note 6). 
2.2. Cell culture components 
Equipment 
1. Liquid nitrogen container for cell storage. 
2. 37°C water bath. 
3. Biological safety cabinet (see Note 7). 
4. Humidified incubator (95% air, 5% CO2, 37°C). 
5. Inverted light microscope (200-fold magnification). 
6. Mammalian cell counter. 
7. Vacuum aspiration system. 
8. Biological waste container. 
9. Cell freezing device (cooling rate: 1°C/min). 
10. -80°C freezer. 
Cells 
11. Cryopreserved COS-7 cells (American Type Culture Collection CRL-1651) (see Note 8). 
12. Cryopreserved CHO-K1 cells (American Type Culture Collection CCL-61) (see Note 9). 
Disposables 
13. T-25 cell culture flasks. 
14. Plastic pipettes (1 ml, 5 ml, and 10 ml). 
15. Glass Pasteur pipettes. 
16. Cryovials (2 ml). 
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Media and other solutions 
17. Alpha-modified Eagle’s medium (MEMα) with or without phenol red (store at 4°C). 
18. Heat-inactivated fetal bovine serum (FBS) (store at -20°C). 
19. Glutamax (100 x): 200 mM L-alanyl-L-glutamine dipeptide, 0.85% (w/v) NaCl (store at -
20°C). 
20. MycoZap antibiotics (500 x) (store at -20°C). 
21. Cell culture grade DMSO (store at room temperature). 
22. Complete growth medium: MEMα, 10% (v/v) FBS, 2 mM Glutamax, 1x MycoZap 
antibiotics (store at 4°C). 
23. Freezing medium: MEMα, 20% (v/v) FBS, 2 mM Glutamax, 20% DMSO (prepare 
fresh). 
24. Thawing medium: MEMα, 20% (v/v) FBS, 2 mM Glutamax (prepare fresh). 
25. Dulbecco’s phosphate-buffered saline without Ca2+ and Mg2+ (D-PBS-Ca,-Mg): 8.06 mM 
Na2HPO4.7H2O, 1.47 mM KH2PO4, 137.93 mM NaCl, 2.67 mM KCl (store at 4°C). 
26. Trypsin/EDTA (1x): 0.05% (w/v) trypsin, 0.68 mM EDTA, 5.5 mM glucose, 137.93 mM 
NaCl, 5.36 mM KCl, 6.9 mM NaHCO3, 0.0002% (w/v) phenol red (store at -20°C). 
27. 70% (v/v) ethanol. 
28. MycoZap spray. 
29. Liquid nitrogen. 
30. 100% (v/v) isopropyl alcohol. 
2.3. Transfection components 
Equipment 
1. Neon Transfection System: pipette station, pipette, 10 µl tips, tubes, electrolyte buffer E, 
resuspension buffer R (Invitrogen). 
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2. Table top centrifuge equipped with a swing-out rotor for 15-ml conical tubes. 
Disposables 
3. 15-ml conical tubes. 
4. 1.5-ml microcentrifuge tubes. 
5. Adjustable-volume pipettes (covering 1-1000 µl) and pipette tips. 
6. Cover glass bottom Fluorodish cell culture dishes – 35 mm (FD35) (World Precision 
Instruments). 
DNA 
7. Plasmid DNA in deionized water (1 µg/µl) (see Note 10). 
2.4. Fluorescence imaging components 
1. Cell-M live-cell imaging station: inverted motorized IX-81 microscope, temperature-
controlled incubation chamber, CO2-enrichment workhead, gas pre-heater and humidifier, 
motorized stage, insert for 35 mm dishes,  150 Watt Xenon-Arc lamp, 10x ocular lens, 
Universal Plan Super Apochromat oil immersion objectives with 60x and 100x 
magnification, U-MNIBA3 (excitation filter: 470-495; emission filter: 510-550; 
dichromatic mirror: 505) and U-MWIY2 (excitation filter: 545-580; emission filter: 
610IF; dichromatic mirror: 600) filter cubes, CCD-FV2T digital black and white camera, 
Cell-M software (Olympus). 
2. 5% CO2/air mixture. 
3. Image analysis and particle detection software (Olympus). 
3. Methods 
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All incubations are performed in a humidified incubator (95% air, 5% CO2, 37°C) unless 
specified otherwise. 
3.1. Culturing of COS-7 and CHO-K1 cells 
Thawing and recovery protocol 
1. Remove a vial of cells from the liquid nitrogen storage container and immediately place 
into a 37°C water bath (see Note 11). 
2. Wipe the vial with 70% (v/v) ethanol immediately after thawing and before opening. 
3. Transfer 500 µl of the thawed cell suspension to a T-25 cell culture flask containing 5 ml 
of thawing medium. 
4. Confirm the next day by microscopy that the cells have attached to the growth surface of 
the flask and replace the thawing medium with complete growth medium. 
Subculturing protocol 
5. Pre-warm D-PBS-Ca,-Mg, trypsin/EDTA, and complete growth medium to 37°C. 
6. Remove all medium from the cell culture flask with a Pasteur pipette by vacuum 
aspiration and wash the cells once with 5 ml of D-PBS-Ca,-Mg. 
7. Add Trypsin/EDTA solution to the cells and swirl to cover the surface (1 ml/T-25 flask). 
8. Aspirate the Trypsin/EDTA solution and incubate the cells for 2 to 5 minutes at room 
temperature or 37°C (see Note 12). 
9. Upon detachment, harvest the cells in complete growth medium (5 ml/T-25 flask) (see 
Note 13). 
10. Pipette the cell suspension three times up and down to dislodge any remaining adherent 
cells. 
11. Transfer the required amount of cells to a new T-25 cell culture flask and add fresh 
medium to a final volume of 5 ml. 
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12. Refresh the cell culture medium every 3 days. 
13. Repeat steps 5 to 12 before the cells reach 100% confluency. 
Freezing protocol 
14. Trypsinize cells (see steps 5 to 10) that are in a logarithmic growth phase (see Note 14). 
15. Transfer the cell suspension to a 15-ml conical tube and centrifuge for 5 minutes at 500 x 
g at room temperature (cell suspensions from different T-25 flasks can be combined). 
16. Remove the supernatant and add freezing medium (0.5 ml/T-25 flask). 
17. Transfer 1-ml aliquots of the cell suspension into 2-ml cryovials. 
18. Transfer the vials to a cell freezing container, which is filled with 100% (v/v) isopropyl 
alcohol, and place the container in a -80°C freezer overnight. 
19. Transfer the vials to a liquid nitrogen cell storage container. 
3.2. Electroporation of COS-7 and CHO-K1 cells with the Neon Transfection System 
Preparation of the cells 
1. Cultivate the required number of cells (∼5 x 104 cells/condition) in complete growth 
medium (see Note 14). 
2. Trypsinize the cells (see Protocol 3.1., steps 5 to 10; use complete growth medium 
without antibiotics). 
3. Transfer the cells to a 15-ml conical tube and take an aliquot of the suspension for cell 
counting. 
4. Pellet the cells by centrifugation at 500 x g for 5 minutes (at room temperature). 
5. Resuspend the cells in 10 ml of D-PBS-Ca,-Mg and pellet again (see step 4). 
6. Carefully aspirate the supernatant and resuspend the cells in resuspension buffer R at a 
final density of 5 x 106 cells/ml (see Notes 15 and 16). 
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Electroporation of the cells with plasmids encoding HaloTag fusion proteins 
7. Place the Neon Electroporation device in a biological safety cabinet and decontaminate 
the work surface and materials (e.g. pipettes) with 70% (v/v) ethanol and MycoZap spray. 
8. Set the pulse conditions on the device. 
• COS-7 → pulse voltage: 1050 V; pulse width: 30 ms; pulse number: 2. 
• CHO-K1 → pulse voltage: 1620 V; pulse width: 10 ms; pulse number: 3. 
9. For each condition, add 2 ml of prewarmed growth medium without antibiotics to a FD35 
fluorodish (see Note 17) 
10. For each condition, pipette 2 µl of plasmid DNA (1 µg/µl) into a sterile 1.5 ml 
microcentrifuge tube (see Notes 18 and 19). 
11. Gently transfer 20 µl of the cells to the microcentrifuge tubes containing the plasmid 
DNAs and pipette once up and down (see Note 20). 
12. Fill a Neon tube with 3 ml of electrolyte buffer E and insert the tube into the Pipette 
station. 
13. Mount a 10 µl Neon tip onto the Neon pipette (see Note 21). 
14. Immerse the tip into a cell-DNA mixture and slowly aspirate 10 µl of the sample. Make 
sure there are no air bubbles in the tip. 
15. Insert the pipette into the electrolyte buffer-containing tube in the pipette station, and 
press start on the touch screen. 
16. After delivery of the electric pulse, remove the pipette from the pipette station and 
immediately transfer the sample from the tip to a FD35 fluorodish. 
17. Repeat steps 14 to 16 (see Note 22). 
18. Gently rock the fluorodish back-forth and from side to side to assure an even distribution 
of the cells. 
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19. Discard the Neon tip in an appropriate biological hazardous waste container and repeat 
steps 12 to 18 for the remaining cell-DNA mixtures. 
20. Incubate the cells in a humidified incubator (95% air, 5% CO2, 37°C) for at least 4 hours 
(or overnight) to allow the cells to attach to the bottom of the Fluorodish (see Note 23). 
3.3. Fluorescent labeling of cells expressing a HT-tagged peroxisomal protein 
This section provides a detailed description of three different labeling protocols that can be used 
to fluorescently label peroxisomal HT-fusion proteins in COS-7 or CHO-K1 cells. These different 
protocols allow researchers to study various aspects of peroxisome dynamics in living cells, 
including protein targeting, the assembly of new peroxisomal structures, and the half-life of 
peroxisomal proteins. Importantly, as HT-ligands can not cross the peroxisomal membrane (5), 
the rapid labeling protocol cannot be used to pulse-label the pre-existing pool of peroxisomal HT-
fusion proteins that expose their tag to the matrix side of the organelle. 
1. Pre-warm complete growth medium without phenol red to 37°C (see Note 24). 
2. Prepare a 10x working stock solution of HT ligand by diluting the commercial stock 
solution into pre-warmed complete growth medium lacking phenol red and mix 
thoroughly (see Notes 25-29). 
3. Aspirate the medium from the Fluorodish and gently pipette 2 ml of pre-warmed FBS- 
and Glutamax-containing MEMα medium without phenol red onto the cells (repeat 1x). 
4. Add 222 µl of the 10x HT ligand working stock solution to the Fluorodish, mix gently, 
and proceed to step 5, 6 or 10. 
Wash-free labeling protocol 
5. Put the Fluorodish in the humidified incubator (95% air, 5% CO2, 37°C) until analysis 
(see Notes 30 and 31). 
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Rapid labeling protocol 
6. Incubate the cells for 15 minutes in the humidified incubator (95% air, 5% CO2, 37°C). 
7. Aspirate the ligand-containing medium and gently pipette 2 ml of pre-warmed phenol 
red-free medium onto the cells (repeat 3x). 
8. Repeat steps 6 and 7 to wash out the unbound ligand. 
9. Transport the sample to a fluorescence microscope for imaging (see Note 31). 
Dual-color labeling protocol 
10. Incubate the cells for the desired time period in the humidified incubator (95% air, 5% 
CO2, 37°C). 
11. Aspirate the ligand-containing medium and gently pipette 2 ml of warm fresh medium 
onto the cells (repeat 3x). 
12. Incubate the cells for 15 minutes in the humidified incubator (95% air, 5% CO2, 37°C) to 
allow unbound fluorophores to diffuse out of cells. 
13. Replace the medium with an equal volume of phenol red-free medium containing 5 µM 
HT-biotin, a non-fluorescent blocking ligand, to completely turn off fluorescent labeling 
of newly-synthesized proteins. 
14. Repeat steps 10 to 12. 
15. Aspirate the medium from the Fluorodish and gently pipette 2 ml of pre-warmed 
complete medium without phenol red onto the cells. 
16. Add 222 µl of the second 10x fluorescent HT-ligand working stock solution to the 
Fluorodish, mix gently, and proceed with step 5. 
3.4. Live-cell imaging of cells expressing fluorescently-labeled HT-fusion proteins 
In the author’s laboratory, a Cell-M live-cell imaging station (Olympus) is used to monitor the 
dynamics of fluorescently-labeled peroxisomal HT-fusion proteins in mammalian cells. However, 
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in case one has no access to instrumentation for live-cell imaging, one can always fix the cells at 
different time points and analyze the samples on a regular fluorescence microscope equipped with 
standard fluorescein or rhodamine filter sets and oil immersion objectives with 60x and 100x 
magnification. 
1. Preheat the temperature-controlled incubation chamber to 37°C (see Note 32). 
2. Turn on the Xenon-Arc burner at least 15 minutes prior to starting imaging to give it time 
to stabilize. 
3. Switch-on the 5% CO2 enrichment accessory (see Notes 33 and 34). 
4. Put a small drop of immersion oil on the objective and place the Fluorodish in the dish 
holder (see Note 35). 
5. Choose the appropriate configurations for the fluorophores to be imaged. 
6. Adjust the light intensities according to the brightness of the sample (see Note 36). 
7. Acquire multichannel images, time series, and/or Z-stacks (see Note 37). 




2. Plasmids designed for mammalian expression of N- or C-terminally tagged HT-fusion 
proteins are commercially available from Promega. 
3. HT-PTS1 is a HaloTag reporter protein that is targeted to peroxisomes by genetically 
fusing it to PTS1, a targeting signal found at the extreme carboxy-terminus of most 
peroxisomal matrix proteins (10). The protein has already been successfully used to 
demonstrate that (i) peroxisomes display an age-related heterogeneity with respect to 
their capacity to incorporate newly-synthesized proteins (Fig. 1B-F), (ii) peroxisomes do 
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not exchange their matrix protein content, (iii) the matrix protein content of pre-existing 
peroxisomes is not evenly distributed over new organelles, and (iv) peroxisomes in 
cultured mammalian cells have a half-life of approximately 2 days (5). 
4. HT-HsCatalase is a HaloTag reporter protein that is targeted to peroxisomes by 
genetically fusing it to catalase, the most abundant peroxisomal antioxidant enzyme. The 
protein has already been successfully used to show that peroxisomal matrix and 
membrane proteins are targeted to distinct regions of peroxisomal structures (6). 
5. HT-HsPEX16 is a HaloTag reporter protein targeted to peroxisomes by genetically fusing 
it to HsPEX16, a peroxisomal membrane protein involved in membrane biogenesis. The 
protein has already been successfully used to demonstrate that the turnover rate of at least 
some membrane proteins is much faster than that of matrix proteins, and that its half-life 
can be extended by inhibiting the proteasome degradation pathway (5). 
6. Aliquot and store at -20°C. Avoid repeated freeze-thaw cycles and protect from light. 
7. Follow the biosafety guidelines of your institution. 
8. COS-7 is a fibroblast-like cell line derived from African green monkey kidney tissue. 
9. CHO-K1 is a fibroblast-like cell lined derived from the ovary of a Chinese hamster. 
10. Use your method of choice or one of the many commercially available kits for the 
preparation of transfection-quality plasmid DNA. 
11. The cells should be thawed rapidly to prevent the formation of ice crystals that can cause 
cell lysis. 
12. Regularly check on an inverted microscope if the cells start to detach (tap against the side 
of the flask to improve detachment; as over-trypsinization will decrease cell viability, the 
cells should only be exposed to trypsin/EDTA long enough to detach the cells). 
13. As FBS contains trypsin inhibitors, adding this compound to MEMα will immediately 
inhibit further trypsin activity. 
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14. Ensure that the cells are healthy and actively growing (recommended confluency: 70-
80%; this corresponds to ∼2 x 104 cells/cm2). 
15. As (i) depending on the method employed, cell counting may be a time-consuming 
procedure, and (ii) storing the cell suspension for more that 15-30 minutes at room 
temperature may reduce cell viability and transfection efficiency, one can also directly 
resuspend the cell pellet from one T-25 flask in a final volume of 100 µl R1 buffer. This 
estimation will be reasonably accurate, providing that the guidelines given above are 
carefully followed. 
16. Gently pipette the cell suspension 10 times up and down to disperse cell clumps. 
17. The addition of antibiotics and antimycotics to the culture medium can significantly 
reduce the viability of freshly transfected cells. 
18. It is highly recommended to routinely include a mock-transfected condition as negative 
control. 
19. In general, this amount of plasmid DNA yields excellent results. However, depending on 
the protein expressed, it may be necessary to increase or decrease the concentration of the 
plasmid DNA due to the fact that (i) the half-lives of some peroxisomal membrane 
proteins (e.g. Pex3p → T1/2 = 2-6 h) strikingly differ from that of peroxisomal matrix 
proteins (T1/2 = ∼ 2 days), and (ii) a high overexpression of peroxisomal membrane 
proteins may have unpredictable effects on peroxisome morphology (5, 18). 
20. The volume of the plasmid DNA should not exceed 10% of the total transfection volume 
(= 10 µl/electroporation). 




22. This step is optional and depends on the time span over which the cells will be analyzed. 
For example, while high cell densities (e.g. 1 x 105 cells per dish) are not recommended 
for long-term experiments (e.g. they will be overgrown within 2-3 days), this will ensure 
that – for short-term imaging experiments – sufficient cells are present in selected fields 
of view at a final microscope magnification of 1000-fold. 
23. In general, this protocol yields a transfection efficiency of 70-80%. 
24. Phenol red can interfere with the collection of weak fluorescent signals, and as such it is 
better to omit this pH indicator dye form the culture medium. 
25. Currently, many cell-permeable HT fluorescent ligands are commercially available from 
Promega. For historical and practical reasons, studies in the author’s laboratory are 
routinely carried out with green fluorescent HT-R110 and red fluorescent HT-TMR 
ligands. Blue fluorescent HT-coumarin ligand (λex/λem: 362/450) was found to yield 
considerably weaker signals, and prolonged exposure to ultraviolet light resulted in 
phototoxicity problems. 
26. The final labeling concentration of the HT ligands has to be optimized for each individual 
HT-fusion protein and will vary depending on its expression level and subcellular 
location. For example, as the volume density of peroxisomes has been estimated to be 1-
4% of that of the cytoplasm (19), translocation of a fluorescent protein from the 
cytoplasm to peroxisomes will strongly increase its local concentration and hence, 
fluorescence intensity. 
27. The recommended initial concentrations of the 10x working stock solutions of the HT-
TMR ligand for the wash-free and rapid labeling protocols are 2.5 µM and 50 µM, 
respectively.  
28. The recommended initial concentrations of the 10x working stock solutions of the HT-
R110 ligand for the wash-free and rapid labeling protocols are 100 nM and 1 µM, 
respectively. 
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29. The use of a different cell line may also require optimization of the final HT ligand 
concentration. For example, we experienced that it is very difficult to label HT-fusion 
proteins in HepG2 cells, even at a high HT-ligand concentrations (our unpublished data). 
A likely explanation for this observation may be that these cells express high levels of P-
glycoprotein (ABCB1; MDR1), a multidrug resistance transporter that can effectively 
pump Rhodamine analogues out of cells (20). 
30. The first HT-labeled peroxisomes can be observed within 4-6 hours. 
31. After labeling, the cells can also be fixed with 4% (w/v) paraformaldehyde or 100% (v/v) 
pre-cooled methanol (to -20°C) and processed for immunostaining (without signal loss). 
The results of a typical dual-color labeling experiment are shown in Fig 1B-F. 
32. This step is essential to ensure that the microscope is stable over the course of the 
experiment (changes in temperature may result in a thermal expansion or contraction of 
microscope components and this may cause unwanted changes in focus position). 
33. Many cell culture media, including MEMα, make use of the CO2/bicarbonate reaction to 
buffer the pH of the medium (optimal pH range: 7.0-7.4). 
34. It is essential to pre-humidify the 5% CO2/air mixture in order to prevent evaporation of 
the medium. 
35. As peroxisomes are small organelles (0.5-1.5 µm in diameter), the preferred final 
magnification is 600x or 1000x. 
36. As cells are intrinsically sensitive to light, fluorescence live-cell imaging is always a 
trade-off between exposing the cells to enough light to capture clear images and limiting 
cell damage. In addition, over-illumination of the cells can lead to photobleaching of the 
fluorophores, especially during time-lapse experiments. 
37. For long time-lapse experiments, one should also include an auto-focusing module. 
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38. Fluorescence microscopy images can also be analyzed with ImageJ, a freeware image 
processing and analysis program (http://rsbweb.nih.gov/ij/). Note that, for quantitative 
image analysis, the values of the pixels should not be saturated. 
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Figure Caption 
Fig. 1. Overview of the HaloTag protein-mediated pulse-labeling strategy to visualize 
peroxisomes in living mammalian cells. (A) Schematic overview of a dual-color labeling 
protocol. (1) Mammalian cells are transfected with a plasmid encoding a peroxisome-targeted 
HT-fusion protein (e.g. HT-PTS1). (2) The cells are sequentially incubated with HT-TMR, HT-
biotin, and HT-R110. After each labeling reaction, the cells are extensively washed. The precise 
mechanisms of how these HT ligands are transported across the plasma membrane are currently 
unknown (these ligands can not freely cross the peroxisomal membrane). (3) Once inside the cell, 
the ligands can covalently bind to HT-PTS1. (4) The ligand-bound HT-PTS1 molecules are 
subsequently transported to and imported into peroxisomes (PO), whose import competence 
changes during their life span. By employing this protocol, one can visualize peroxisomes of old 
(o), intermediate (i), and young (y) age. (B) Visualization of distinct peroxisome population in 
CHO-K1 cells. CHO-K1 cells, transiently transfected with a plasmid encoding HT-PTS1, were 
sequentially incubated with red fluorescent HT-TMR (0-44 h post-transfection), HT-biotin (44-68 
h post-transfection), and green fluorescent HT-R110 (68-80 h posttransfection). The cells were 
fixed and immunostained for PEX14, a peroxisomal membrane protein (blue color). Non-
transfected cells are indicated with an asterisk. Note that the diffuse green staining pattern 
observed in the transfected cells represents HT-R110-labeled HT-PTS1 that is not yet imported 
into peroxisomes. The scale bar represents 10 µm. (C-F) Enlargements of the outlined region in 
 20
panel B. The positions of a young (y), ‘intermediate’ (i), and old (o) peroxisome are indicated by 
arrows. 
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